data recording for analysis. If nurse researchers are to make good use of video technology, they must understand and take advantage of its relative strengths and avoid its pitfalls (Farber, 1990) . This article presents critical issues related to the use of video technology in nursing research with a focus on problems with observer bias, participant reactivity to being videotaped resulting in behavior changes, and issues in maintaining video quality. These are issues nurse researchers need to be aware of when planning to use video recording as a research tool.
CONTEMPORARY USES OF VIDEO TECHNOLOGY IN NURSING
Three primary uses of video technology in nursing include: • A means of monitoring quality assurance standards. • An educational tool or intervention. • A method to collect research data.
Video recording is gaining prominence as a means to monitor quality assurance standards in clinical practice. In the United States, videotaping is used routinely to record trauma care in the emergency room (Procter, 1996) . Reviewing the tapes after major events allows the staff to assess their performance against their standards of care, thus serving both quality improvement and education goals (Blank-Reid, 1996) . Video analysis provides contextual information about factors contributing to performance deficiencies that may be missed by other methods of data collection (Mackenzie, 1996) .
Video as an educational intervention is useful because the technology provides multimedia, multisensory information about complex behavior. For example, occupational and environmental health nurses can use video to demonstrate workplace environmental assessment. Visual evidence of workplace hazards may make a valuable contribution to the nurse's verbal or written reports to workers and management. Videotapes are effective for client or worker education because they are a familiar medium and because the concepts can be communicated in a realistic and holistic way using simulta-neous visual and auditory information. For example, video is used to demonstrate safe and ergonomically appropriate work practices as well as medical procedures. Additionally, video is advantageous because it can be controlled by the viewer (Glasgow, 1996; Meade, 1996; Redfern, 1996) .
Video technology is a valuable tool for nursing education to augment or replace the traditional lecture (Birdsall, 1995; McAlpine, 1996) . For example, video facilitates integration of clinical and communication training by showing appropriate nurse/client communication within the clinical situation. It allows interactive communication skills to be the focus of a training exercise rather than attempting to teach communication skills prior to integrating them with clinical activities (Beckman, 1994) .
Video has been recommended as a strategy to observe activity in nursing because it is reliable, valid, and practical (Mason, 1993) . Video recordings are a particularly valuable technology for the study of activity in complex real world settings because the camera approximates direct observation. Video observations provide a resource to overcome gaps between what people say they do and what they actually do (Farber, 1990; Jordan, 1995; Manning, 1986; West, 1996) . Videotapes also can be used as a research stimulus to tap into internal processes. For example, participants can be asked to react to a newly viewed event on tape or to reconstruct their planning, choices, or feelings from a previously taped activity (Field, 1985; McClelland, 1993; McKay, 1993) .
As a research tool, video has been used to investigate clinical phenomena. It has been used as a tool to interview deaf people (Lipton, 1996) and to collect data related to activity with populations with limited cognition, such as infants and individuals with Alzheimer's disease (Mason, 1993; Rodd, 1989) . It is a preferred method to study nursing practice, such as: • Delivery of care by nurse practitioners and the process of primary care (Courtney, 1997). • The use of touch (Bottorff, 1993 (Bottorff, , 1994a (Bottorff, , 1994b (Bottorff, , 1994c Routasalo, 1996) . • Comforting talk used by nurses for patients in pain (Procter, 1996) . • Humor in nurse/client interactions (Mallett, 1996) . • The provision of nursing care to elderly individuals with dementia (Kihlgren, 1993 (Kihlgren, , 1994 . • The effectiveness of informational videotapes compared to written information during the informed consent process (Weston, 1997) . The use of video technology as a research tool is discussed further below.
RESEARCH USING VIDEO
Video is a particularly strong research tool for studying human behavior because of its multisensory abilities, its flexibility, and the ability to control the temporal dimensions of an activity.
Multisensory Abilities
Video recordings can provide details about behavior (Hecht, 1996; Spencer, 1993) and the fluid imagery that conveys emotion and interaction (Collier, 1986; Rodd, 1989) . Some researchers also argue only video produces the type of data that allow close interpretation of behavioral activity because video data can be reviewed repeatedly to identify and describe behavior too fleeting to observe in real time (Harel, 1991; Jordan, 1995) . Additionally, many verbal and nonverbal behaviors, which resist capture in words because there is no vocabulary to describe them, are amenable to video recording (Jordan, 1995) . For example, it is easy to record the content of conversation, but it is more complex to capture the musical qualities of speech, which may be an important indication of the interpretation of the words. Likewise, although it is possible to categorize behavior in gross categories, describing the minute movements that make up those activities may be more complex. For example, ergonomic risk assessment of material handling tasks requires the nurse to analyze the individual motions of bending, grasping, and lifting involved in moving large objects such as cartons, barrels, or bins.
Flexibility
Camcorders allow greater flexibility for researchers to choose what or how a situation or activity is to be documented (Couch, 1986; Mallett, 1996; Routasalo, 1996) . Video equipment allows both fixed and freely roaming recording. A fixed video camera frees the researcher for other observational tasks or to participate in the situation (Harel, 1991) . The camera also may be monitored remotely or controlled from an adjacent area, reducing intrusiveness or interference by research personnel or equipment. Alternatively, the researcher does not have to be present. The participants themselves may operate the camera or the fixed camera can be set to record automatically (Bottorff, 1994; Courtney, 1997; Jordan, 1995; Mason, 1993) .
Timing and Details
A major advantage of video technology is the ability to manipulate the time dimensions of the observed behavior because the original observation may be separated from subsequent analyses. It is possible to obtain greater detail in an analysis and conserve observer energy (Mason, 1993) . Unedited continuous taping allows accurate measurement of elapsed time for the analysis of processes. The technical capacity of video recorders also permits researchers to freeze a moment of action allowing frame by frame analysis of brief behaviors (Bottorff, 1994; Craig, 1988; Hanson, 1994; Heacock, 1996; Jordan, 1995; Psathas, 1995; Souder, 1996; West, 1996) . Editing allows researchers to condense events to look at underlying structures or processes. The juxtaposition of different segments of time allows the researcher to compare patterns (Farber, 1990) . Lastly, the ability to manipulate time dimensions has the advantage of allowing researchers to subsequently evaluate their own effects on the behavior or situation (West, 1996) .
Video technology can be used effectively for either quantitative or qualitative research. Examples of its use can be drawn from the office environment. The nurse researcher investigating repetitive motion may use a videotape of an office worker to quantify the number of times the worker answers the telephone while simultaneously working on the computer. A qualitative investigator, on the other hand, may focus on extracting and characterizing the types of interruptions the worker experiences throughout the work day.
ISSUES IN DATA COLLECTION
As noted in the example above, video technology is a versatile medium that lends itself to either qualitative or quantitative analysis. Regardless of the data analysis method, there are theoretical and mechanical limitations that have substantial implications for the validity or credibility of the video data. It is easy to assume technological innovations mean the video system operates as it is supposed to and the video data accurately reflect what is happening. Belief in the infallibility of the system, human or video, can result in unwanted consequences. Researchers who believe the videotape captures everything even if left alone may be disappointed if the subjects move out of camera range or keep their backs turned to the camera. Disappointment also may occur if the researcher, intent on videotaping a particular aspect of a scene, finds that a narrow camera angle, in fact, misses most of the action. Verification and validation can be used to identify vulnerable components in the research, to assess the possible outcomes of these limitations, and facilitate the quality of data (Shaffer, 1997) .
Essentially, validity refers to the overall soundness or credibility and trustworthiness of the data and research results. The driving question is to what extent do the data or results adequately represent true behavior? Thus, the focus is the extent to which internal procedures used in the research distort reality (Field, 1985) . Reliability refers to the repeatability or consistency of the results. Do the procedures for videotaping capture the behavioral events consistently over and over? In the case of video research, this consistency can be influenced by the criteria for sampling behavioral events, the methods for using the video equipment, and the visual quality of the videotape. As with all research, the investigator must support the reliability or consistency of all data collection methods, whether they are video, survey, interview, or other techniques.
Three major issues in data collection impact the validity of video data available for analysis. The first is observer bias, which influences the perspective from which events are taped. The second is participant reaction to knowledge of being videotaped, which may result in altered behavior. The third issue is maintaining consistent quality.
Observer Bias
All images are constructed socially and technically (Harper, 1994; Kincheloe, 1994) . Different observers may focus on different aspects of the scene depending on their theoretical viewpoints, interests, understanding, and skills (Couch, 1986; Farber, 1990) . The video camera can reproduce the event itself much better than other record- MARCH 2000, VOL. 48, NO.3 ing methods. For example, it is more accurate than two observers watching and then recalling the same event, and is more comprehensive than audiotaping an event or using a checklist. These qualities have led some researchers to conclude it represents objectivity in data collection (Farber, 1990; Harel, 1991; Heacock, 1996; Jordan, 1995) . Objectivity is enhanced when the researcher does not have control over what happens in front of the camera and when the camera eye is fixed on a tripod (Harel, 1991) . Nevertheless, while it can be argued a video image contains a true visual and auditory record, it may be a narrow perspective. Therefore, the credibility of the data must be based on evidence about how and why it was created, its comprehensive representation of the phenomenon (Harper, 1994) , and the degree to which it is free from observer bias (Nelson, 1994) .
If the camera is focused on one aspect of the environment, it is not focused on another. For example, if a wide angle lens is used to survey as much of the setting as possible (Jordan, 1995) , it may result in loss of detail. It also is easy to assume the video camera provides a contextual view which parallels that experienced by the participants. Actually, video recording usually occurs from the observer's perspective rather than from the participants' viewpoint. For example, when the researcher videotapes a group, the camera generally is located outside the group rather than positioned as if it were a member of the group. Researchers need to determine which perspective is more valid for the research question.
Preliminary observation of the context is necessary to plan accurate and meaningful use of videotaping (Collier, 1986; Donat, 1991) . Likewise, participant observation, field notes, and intermittent interviewing may augment video data, provide a record of decisions, and ensure particular perspectives or activities are not lost. Specifying the phenomenon of interest, suitable camera angles, and sampling frames (e.g., single or multiple frames, continuous taping) prior to collecting the data reduces variation resulting from observer bias. Often, using multiple cameras with different angles provides the best and most comprehensive view of a scene.
Altered Behavior From Reactivity Effects
People often change their behavior when they know they are being observed. Videotaping can adversely affect the ambiance of a situation and reduce participants' level of comfort. Thus, the act itself of observing and recording may contaminate the behavior of interest. This is a phenomenon known as participant reactivity or reflexivity to awareness of being observed (Schwartz, 1986) .
The effects of participant reactivity to knowledge of being videotaped are particularly crucial in studies addressing everyday behavior. However, debate still exists in relation to the extent to which reactivity effects are transient. Some researchers argue reactivity diminishes over time as participants become acclimatized to the presence of the researcher or video camera, especially if the camera is operated remotely (Courtney, 1997; Hanson, 1994; Waltz, 1991) . Others claim reac-tivity may never be overcome completely because the recording machinery is considered to be a de facto researcher (Wilson, 1994) . Behaviors normally thought to be out of conscious awareness (e.g., head nodding, postural changes, object manipulations, gestures, foot movements, speech patterns) may revert to more normal patterns as subjects' initial anxiety reduces and they become involved in the activity (Wiemann, 1981) . Alternatively, these behaviors may be modified continually if awareness of being observed persists (Mason, 1993) . Awareness of presence of a camera tends to fade as recording lengthens and with the consistent presence or absence of a camera operator (Courtney, 1997; Field, 1989; Phillips, 1993) . However, participant reactivity indicates an area for potential distortion of data especially when observations are conducted over a short period of time (Field, 1989) .
Because any form of observation can be perceived as intrusive and may influence behavior, the researcher's task is to find the least intrusive method that still permits observation of the phenomenon (Neal, 1989) and to report on the extent of participant reactivity. The researcher should not assume participants become acclimated to the camera after a period of time and reactivity recedes. Participants may deny they changed their behavior while being videotaped if they believe the researcher wants natural behavior. Even self reported levels of comfort about being videotaped may be influenced by social desirability. Therefore, researchers should evaluate reactivity effects as a specific research goal, not as a question in principle but considered in relation to each occasion of video camera recording (Jordan, 1995) .
Minimally, researchers should understand the study behavior prior to the commencement of taping, examine the videotape for evidence of altered or abnormal behavior, and evaluate participants' self consciousness after videotaping by questionnaire or interview. For example, one of the authors is investigating the practice of home care nurses. Prior to videotaping the nurses, the author spends a week accompanying and observing each nurse. This period of observation provides insight into the practice habits that may change when videotaping commences. Safety practices likely to change when the nurses know their activities are being recorded include lifting and wound care techniques as well as verbal communication. Asking participants to review their own videotapes and to indicate whether or not the episodes reflect their usual ways of doing things is another strategy (Bottorff, 1994a ). However, this should be performed in combination with researcher analysis. The use of covert videotaping using hidden cameras is advocated by some (Berry, 1994) but generally is considered ethically unacceptable.
Quality of Video Data
The quality of video data is determined to a large extent by the procedures used in taping the event. Camera angle, body position, lighting, and depth perception affect the record available for review. Additionally, the quality of videotaping must be consistent across events to allow for reliable comparison. This appears to be a simple point. However, the reality in fieldwork is that environmental features (e.g., space for camera tripods) and participant and non participant needs reduce researcher control over lighting and camera angles.
It is useful to spend time in the field prior to commencing videotaping to determine the constraints that may affect data quality. Pilot testing and the development of procedural guidelines about minimum lighting levels and augmentation, and measures to standardize color, audio levels, and camera angles facilitate the best and most consistent visualization of the phenomenon. Additionally, a master videotape should be kept to maintain a pristine copy of original data and dubbing should occur only from that tape because the resolution quality diminishes with each generation of copying.
ISSUES IN DATA ANALYSIS
Performing analysis of behavioral data requires sampling and coding schemas that adequately and accurately capture the behavior of interest. Coding of observational data is not unique to video technology and is not the focus of this article. However, it must be emphasized that decision criteria for identifying and categorizing units of behavior must be explicit, and coders must be trained and regularly assessed for interrater reliability.
Unlike live observation, videotape provides the analyst with a complete record of a time period that may be reviewed before sampling strategies are selected. This potentially introduces observer bias in the decision of what to select for analysis from videotapes. In qualitative interpretive work, observer preference may be appropriate and substantiated by applicable theoretical decision trails (Field, 1989) . In quantitative work in which more systematic sampling is required, sampling of specific behaviors or time periods needs to be based on understanding the nature of the behavior of interest and balanced with optimizing the number of data points to be analyzed. For example, in job analysis, videotaping may occur continuously throughout the work period. This allows the subject to become comfortable with the presence of the camera and provides continuous data for the researchers. However, analysis is likely to be based on sampling frames at regular intervals that reflect task samples (e.g., 30 seconds every 5 minutes, or 1 minute every 15 minutes). Current video editing facilitates the programming of regular as well as randomly timed sampling schedules. For example, a quantitative study focusing on the initial reaching motion of a job task cycle of an assembler uses systematic sampling of that phase of the cycle regardless of each cycle's duration. On the other hand, a qualitative study investigating teamwork and interaction among a construction crew may benefit from random sampling or sampling of regular units of time throughout the workday. The decision as to whether sampling is random, timed, systematic, or purposeful varies with each study and must be determined by the research questions and how well the samples approximate the phenomenon of interest. . 19(8) , 835-842. Hanson, B.G. (1994) . The potential of videotape data: Emotional cor-
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DATA MANAGEMENT
Data management in terms of cataloging and storing videotapes is an underdiscussed issue in nursing research. Cataloging systems must be able to cope with relocating the tapes and data for multiple purposes. Computerized bibliographic programs can be edited to individualize identifying fields and key words. Important identifiers include: • Title of the project. • Type of videotape (e.g., VHS or Hi8, master, original, edited, dubbed). • Number of total videotapes in the project. • The location, site, and date of videotaping for each participant and participant code number. • Indexes to identify the location of key behaviors or job tasks. Digital video technology is developing at a tremendous rate and allows for economical storage of huge video files in nonlinear digital formats, such as digital video disc (DVD). This technology requires new graphical database technologies for video data management and retrieval.
SUMMARY
Video is a valuable research tool for studying nursing phenomenon because of its multisensory abilities, flexibility, and temporal control. Caveats specific to video research include monitoring and minimizing observer bias, participant reactivity, and providing for high quality visual images. The sampling, coding, storage, and retrieval issues surrounding video data analysis and management are common to other forms of data and require a systematic plan. Technological advances can stimulate empirical discoveries and theoretical developments in research. However, researchers must critically examine the practical aspects of this methodology.
1.
2.
3.
4.
Video technology is becoming more popular as a research tool because it has unique features that capture accurately and comprehensively the nature of nursing phenomena.
Video technology is used extensively in nursing as an educational tool or intervention, a means of monitoring quality assurance standards, and as tool to collect research data. Videotaping is useful because is provides continuous multimedia, multisensory information about the subject and its context.
Credibility for video data is based on the question of to what extent do the data or results adequately represent true behavior. The three main issues in video research that impact the credibility of data are observer bias, participant reactivity to knowledge of being videotaped, and maintenance of consistent data quality.
Not all threats to credibility can be overcome. The key is to acknowledge insurmountable problems, to consider their limitations in data analysis, and to evaluate and report their effects.
